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Need for speed
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• Industry needs fast solutions 

• Training of digital skills  

• More efficiency and less hardware-dependency

• Students needs fast toolbox



REEF3D : Multi-scale extension
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REEF3D::CFD REEF3D::NSEWAVE

REEF3D::FNPF REEF3D::SFLOW
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• Temporal Discretisation: 3rd-order TVD Runge Kutta 
• Spatial Discretisation: 5th-order WENO 
• Pressure Solution: Projection Method, PPE: PFMG HYPRE 

where the interface between air and water is defined by the zero level set of a smooth signed
distance function. Unlike other interface capturing methods such as VOF, the level set func-
tion can be treated with standard high-order spatial discretization schemes such as the WENO
(weighted essentially non-oscillatory) scheme. Also geometrical information, such as the dis-
tance form the interface and curvature are readily available. In REEF3D, several different types
of regular waves can be generated. The numerical wave tank capabilities are first tested for lin-
ear and Stokes theory waves. Then the wave forces on a horizontal cylinder in a 2D setup are
calculated. Forces on single and tandem vertical cylinders are calculated in three dimensions.

Model
Equations of Motion

Since the CFD code is used as a numerical wave tank in this study, the complex free water
surface has to be modeled, requiring stable numerical algorithms. At the same time, the prop-
agation of waves should not be damped artificially, which makes a high-order of numerical
accuracy essential. With this in mind the governing equations for mass and momentum conser-
vation are discretized, the continuity and the incompressible Reynolds-averaged Navier-Stokes
(RANS) equations:
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where U is the velocity averaged over time t,⇢ is the fluid density, P is the pressure ⌫ is the
kinematic viscosity, ⌫t is the eddy viscosity and g the gravity term.

Turbulence Model

The eddy viscosity ⌫t in the RANS-equations is determined through the two-equation k-! model
[26], with the equations for turbulent kinetic energy k and the specific turbulent dissipation !

as follows:
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Pk is the turbulent production rate, the coefficients have the values ↵=5
9 , �k =

9
100and �= 3

40 .

In order to avoid overproduction of turbulence in highly strained flow outside the boundary
layer, the turbulent eddy viscosity ⌫t is bounded through the following limited formulation [9]:
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S is the mean rate of strain. Around the interface between water and air mean rate of strain
can be very large. This is especially the case for the oscillatory flow in a numerical wave tank.
Here the eddy viscosity limiter is no longer effective, and turbulence overproduction can be

Incompressible RANS Equations:

Governing Equations: REEF3D::CFD



Governing Equations: REEF3D::FNPF
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Grid arrangement - sigma-coordinate
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Numerical setup
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42.0 m 23.0 m 51.0 mFNPF

CFD 21.0 m 23.0 m 20.0 m

HDC — m 23.0 m 10.0 m

H=1.30 m T=4.0 s d=3.80 m m =1:10 m

Kamath et al. (2016) Ocean Engineering
Choi et al. (2015) Ocean Engineering



2D CFD wave tank
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50 s of simulation in 1 hr on 128 procs, 130k cells 
eq. 16 h on 8 proc laptop 



2D FNPF wave tank
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100 s of simulation in 294 s on 8 procs laptop, 41760 cells

380 times faster



2D FNPF-2D CFD HDC wave tank
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CFD HDC: 50 s of simulation in 30 mins s on 128 procs 
eq. 8 hr on 8 procs laptop

100 s of simulation in 294 s on 8 procs laptop



2D FNPF-3D CFD HDC wave tank
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ALE approach
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Pákozdi, C., Kamath, A., Wang, W., & Bihs, H. (2022). Application of Arbitrary Lagrangian–Eulerian strips 
with fully nonlinear wave kinematics for force estimation. Marine Structures, 83, 103190.



ALE approach
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Slamming force
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Pakozdi, C., Kamath, A., Wang, W., Martin, T., & Bihs, H. Efficient Calculation of Spatial and Temporal 
Evolution of Hydrodynamic Loads on Offshore Wind Substructures. In International Conference on Offshore 
Mechanics and Arctic Engineering, OMAE21.



Summary 

• Industry and education require high-efficiency approach

• High-efficiency model - REEF3D::FNPF

• Hydrodynamic coupling (HDC) - REEF3D::FNPF🤝REEF3D::CFD

• Wave environment + extreme events + force calculation on laptops

• Arbitrary Lagrangian-Eulerian (ALE) force calculation in REEF3D::FNPF

• All students from coastal engineering (Kystteknikk) course 
(TBA4270) can use SWAN and REEF3D on graduation.

The need:

The approach:

The results:


